Introduction
Observations by the FTS instrument on SciSat-I with the Atmospheric Chemistry Experiment (ACE) [Rinsland et al., 20051 [Natarajan et al., 20041 , which appear to be a remenant of the anomaly observed by ACE.
The origin of the NO, anomaly is not clear. A suggested source is the October-November 2003 major solar proton events (SPEs) which resulted in ionization down to 30 km near the geomagnetic poles [Jackman et al., 20041 . The period of the SPEs was preceded by record X-class X-ray flares and accompanied intense auroral activity. HALOE observed NO values over 100 ppmv around 100 km at 75 S in the first week of November, 2003 (data from haloedata.larc.nasa.gov) . Since the photochemical lifetime of NO, decreases rapidly with altitude any NO, observed at 55 km, resulting from transport of air in the thermosphere or upper mesosphere, must have been confined to the polar night during the period of transport. Randall et al. [2005] argue that the unusually strong mesospheric 
Description of t h e Model Experiment
In this simulation we limit our ionization source to that due to direct injection of solar protons as measured by the GEOS-11 geostationary satellite. This satellite, of course, does not measure any input of particles from the magnetosphere. We have not included ionization from X-rays. NO, and HO, production rates were determined from the empirically derived energy deposition rate for the SPEs. The horizontal distribution of the energy deposition rate, E, was approximated by axially symmetric caps centered on the geomagnetic poles with a diameter of about 60 degrees (a smooth transition was 
and 45% of PjvoZ is assurned to go towards ground state atomic nitrogen production while 55% is assumed to go into N('D). The latter is added to the production of NO and 0.
The CMAM simulation was initiated from a time before the SPEs and carried through until the end of March in the following year. A second run was performed which had the HO, and NO, production scaled by a factor of the form 1
where z, is the model lid height in log-pressure coordinate kilometers. This was intended to mimic an additional auroral source in the thermosphere during the SPEs. This scaling factor yielded only a factor of 30 increase of NO, near 90 km (geopotential height), which is quite conservative. In addition to the two SPE cases there was a control run initialized The results for the run with additional thermospheric NO, production are shown in The ozone responses for each of the standard SPEs and the enhanced SPEs cases are shown in Figure 6 . Even though there is essentially no difference between the two cases in terms of ionization below 65 km, there is more NO, transported into the middle stratosphere in the enhanced case and subsequently more ozone loss at these altitudes. The ozone loss seen in the enhanced SPEs case is similar to that seen by GOMOS during November and December 2003 (cf Figure 1 of Seppiilu et al. [2004] ).
Nonlinearity appears have amplified the small initial differences in the radiative state of the two SPEs cases which stem from differences in ozone loss above 65 km. Under typical conditions, the mesospheric polar vortex is weak [Fleming et al., 19881 and can be readily perturbed by large scale waves. The wave-driven diabatic circulation produces rapid descent in the high latitude winter mesosphere and the associated dynamical heating reverses the meridional temperature gradient. As a result the westerlies originating in the stratosphere are attenuated in the mesosphere.
The mesospheric diabatic circulation is governed primarily by gravity wave drag. If the zonal flow in the stratosphere is westerly then gravity waves with westerly zonal phases are filtered out at critical lines such that mostly easterly phase gravity waves reach the mesosphere and produce easterly drag [Holton, 19821. Similarly, the sign of mesospheric gravity wave drag reverses when the zonal flow becomes easterly in the stratosphere. Strong westerlies in the stratosphere give rise to strong easterly gravity wave drag in the mesosphere, This requires that the mesospheric winter polar vortex was much less disturbed than was the case in our GMAM simulations from mid-November to early January so that NO, remained in the dark. 
